Introduction
Asthma is characterized by the inflammation of respiratory airway, hypersensitivity of airway path, and the variable airflow limitation during short periods of time. A controller medication is daily medication that is used to prevent or improve asthma symptoms in patients who experience them frequently. The medical decision to use a controller medication for a patient with asthma is based on the frequency and type of daytime or submit your manuscript | www.dovepress.com
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Darbà et al nighttime symptoms, frequency of medical visits for asthma, frequency of requiring asthma rescue medications, frequency of oral steroid use, impact of asthma symptoms on daily life, and breathing tests for asthma. Inhalation therapy presents advantages in respect to oral or parenteral treatment such as easy access of the medication to the bronchoalveolar system and lower dosage. 1 However, these attributes are diminished due to a poor compliance associated with deficient inhaler technique. [2] [3] [4] [5] Although inhaled corticosteroids and longacting β 2 -agonist (ICS/LABA) fixed-dose combinations have shown to relieve asthma symptoms, similarly, 6, 7 there is increasing research that claims that inhaler technique might affect compliance and hence, efficacy of pharmacological treatment. 8, 9 Several studies reported a critical problem of patients' compliance in chronic airway conditions. 2, 10, 11 Noncompliance with drug treatment continues to be a significant barrier to asthma control, which contributes to costly exacerbations and worsening of the disease over time. 12 Medication compliance implies that the patient follows doctor's orders and patient's medication-taking behavior corresponds with doctor's recommendations with respect to timing, dosage, and frequency. [13] [14] [15] Over the past few years, researchers from several disciplines raised that poor compliance is an important problem for the national health care system around the world and should be treated from a multidisciplinary perspective. 9, 12, 13 The aim of this study was to examine medication compliance in asthmatic patients, focusing on the associations between compliance with asthma medication and inhaler devices such as dry powder inhaler (DPI) or pressurized metered-dose inhaler (pMDI). Moreover, some other confounders of compliance were analyzed, which were beyond clinical aspects.
Materials and methods study sample
We conducted a retrospective and multicenter study based on review of medical registries of asthmatic patients treated with ICS/LABA combinations, whose medical devices were either DPIs (such as Accuhaler ® , Turbuhaler ® , or NEXThaler ® ) or pMDI. The study population included patients attending primary care centers, whose population was mostly urban, with a low-to-medium socioeconomic level.
The study sample was comprised of all asthmatic patients who started taking ICS/LABA delivered by a DPI or pMDI between 2007 and 2014. Moreover, patients needed to fulfill the following characteristics: 1) aged 18 and over; 2) time of diagnosis .3 years; 3) patients were required to have registries with regular monitoring for 18 months (ie, those who were part of the long-term prescription program to obtain drugs with a confirmed record of the daily dosage, time interval, and duration of each treatment). We excluded patients who were transferred outside the area and patients permanently institutionalized.
Data source
Patient compliance for each medication was tracked for 1.5 years using persistence and adherence information. We obtained information on asthma treatment with ICS/LABA combination accordingly, with the Anatomical Therapeutic Chemical Classification System. Moreover, we linked each ICS/LABA combination to its medical device: Accuhaler ® , Turbuhaler ® , NEXThaler ® , or pMDI. Data on diagnoses for a given individual were linked to medication associated with asthma using pharmacy administrative database and clinical visit data from electronic patient records. These databases are managed by Badalona Serveis Assitencials, which provides services to ten primary care centers, one hospital, and one socio-health center. Ethics approval for the database to be used for research was granted by the Hospital Germans Trías i Pujol Ethics Committee. No consent form from patients or caregivers was required for this study because data included in this database went through an anonymization process for patients' information, guaranteed by the Badalona Serveis Assistencials S.A. organization that had access to the data.
Data on persistence of each patient at the 3rd, 6th, 12th, and 18th month were obtained (Figures 1 and 2 ) as well as information on medication possession, by patient's refill count, and duration, by the number of days the patient should be consuming the medication. Other potential explanatory variables of compliance were considered after literature review and most of them were available in electronic patient reports. Number of exacerbations per patient during the study period was collected and more specifically data on number of mild/moderate exacerbations and acute events. These acute exacerbations implied hospitalizations patients could not control the exacerbation at home. We also gathered data on additional medication. However, we did not analyze compliance toward this medication since we were interested on compliance patterns in patients attempting to take ICS/ LABA fixed dose combinations chronically.
Clinical data on comorbidities were included. 16 It was indicated whether the patient suffered simultaneous condition such as hypertension, diabetes, dyslipidemia, depression, and dementia. We also decided to indicate severe events including organ failures, ischemic heart disease, stroke, cerebrovascular disease, and neoplasm. Behavior attitudes that could result in higher risk of for instance obesity, smoking habit, and alcoholism were also included as comorbidities. Moreover, we considered the number of visits in primary care centers for general practitioner (GP) consultation, hospital emergency visits, and we had access to pharmacy registries that gather the gross amount of pharmaceutical expenditure. Amounts were adapted into our model by obtaining patient's average cost per month, and because Spanish patients have low co-payment levels, this proxy might be more accurate than the gross amount. Sick leave days were also gathered. 18 Demographics of this sample were age, sex, and whether the patient was retired or not. 19, 20 calculation of patient's medication compliance
To calculate compliance, we utilized the medication possession ratio (MPR), which is calculated by dividing the number of days supplied for a given medication by the number of days in the study, and persistence data. 21 First, we identified persistent patients as those who used their medication for 18 months. These patients were analyzed 
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Darbà et al to obtain compliance by using the MPR. Therefore, within these persistent patients we applied a cut-point of 95% to the MPR, which tends to be overestimated, 9 ,22 thus we also increased the limit to where patients were considered actively compliant. In the end, we had an ordered categorical variable, which showed to be very useful to identify persistence and compliance patterns, since patients first need to be persistent with their treatment and then they need to comply with their prescriptions. 9, 13 This variable reflects patients who are not either persistent or compliant, patients who are persistent but noncompliant, and patients who are persistent and showed compliance to their medication ( Figure 3) . Finally, to check the robustness of our findings, we decided to use the most common cut-point that is 80% to the MPR.
14,23
Analysis
To describe the distribution of patient's compliance within each medical device (DPI or pMDI), we tabulated sample characteristics for patients using either a DPI or a pMDI. Univariate associations between drug compliance, medical device, and several confounders such as age, comorbidities, exacerbations, severity of asthma, concomitant and rescue medication, and drug cost were analyzed.
In order to determine a specification that provides a better fit of the data for explaining compliance outcomes, interaction terms between the proxy of inhaler technique and the confounders of interest were also included. The impact of exacerbations relative to each inhaler device toward adherence was captured by computing the probability of having an exacerbation for each device of interest. The effect of severity of asthma for each type of DPIs was also examined.
With reference to health care utilization, visits to the GP were categorized in order to explore the association of having, on average: none or one visit per month, one to two visits per month, and more than three visits per month. Further, patients' visits to their GP were computed per active substance. The effect of GP consultation for retired patients was also obtained. We considered a variable for comorbidity status, which was categorized as having 1, 2, 3, or more than 4 conditions. Additionally, having an acute event (ischemic heart disease, organ failures, stroke, or cerebrovascular diseases) was added into the regression. Moreover, to consider the potential heterogeneity sources across age groups, the continuous variable age was split into seven groups. Finally, the effect of cost toward adherence for each age group was introduced in order to approximate the effect of socioeconomic status.
20
Results
clinical and demographic characteristics
Characteristics of underlying populations of DPI users (73.2%) and pMDI users (26.8%) are presented in Table 1 . Asthmatic patients (n=2,213) were predominantly female (61.46%), working-age (59.69%), and age distribution was very similar among the sample except for the oldest age group (5.60%) in which patients were 83-96 years old. Time 
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inhaler devices and other factors involved in medication compliance since asthma was diagnosed (in years) was similar in both groups, however, its distribution varies widely and it goes from 3 years to 76.13 years. The most frequent comorbidity observed in this sample is dyslipidemia (37.7%), followed by obesity (27.9%), and diabetes (24.9%), which were very similar in both groups. Nearly half of the patients had moderate persistent asthma. It was interesting to note that 79.35% of the sample did not experience any exacerbation event. 
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Darbà et al Across clusters, DPI users had higher rate of exacerbations compared to pMDI users (P,0.001) and severe exacerbations were more prevalent for DPI users (P,0.001). Table 2 contains estimates of the univariate analysis and significance levels. At a first glance, having DPIs was negatively associated with compliance. Regarding active substances, patients taking salmeterol/fluticasone combination tend to have higher compliance compared to patients taking formoterol/beclomethasone combinations; in contrast the coefficient for the variable of salmeterol/fluticasone combination was not statistically significant. Most of the comorbidities were not statistically significant and only hypertension and organ failures correlated positively with compliance. Number of exacerbations and most specifically moderate exacerbations were positively correlated with better compliance outcomes. Mild, moderate, and severe persistent asthma were correlated with better compliance compared to intermittent asthma. Regarding utilization of health care inhaler technique and other confounders affecting patient's compliance to the asthma treatment
The patterns of the relationship from the multivariate ordered logistic regression model matched some of those of the univariate results (Table 3) . Indeed, the probability of having more negative compliance is larger for DPI users compared to patients using pMDI. These patterns also fit for severity of asthma, allergy, acute exacerbations, and cost. In contrast, age, comorbidities, moderate exacerbations, and retirement were not statistically correlated with compliance. After controlling for the ICS/LABA combination, which became statistically significant, the magnitude of DPIs' effect on compliance in comparison with pMDI outcomes decreased. The final specification showed to fit the data better for explaining compliance patterns (Table 4) . Having a DPI would decrease the probability of asthmatic patients to comply with their treatment compared to pMDI. Moreover, deterioration of forced expiratory volume in the first second measure by 1 unit and having $3 comorbidities would decrease the probability of medication compliance. More than one doctor's consultation per month was associated with worse adherence. Patients who belonged to 29-39, 40-50, and 51-61 age groups were more likely to be adherent compared to the oldest group, as well as those who suffered more than two moderate exacerbations compared to those who did not experience any exacerbation. An additional doctor visit was associated with better adherence. Alcoholism, which was the only comorbidity statistically significant, was positively associated with compliance. Again, active substance categorical variable was not statistically significant.
The introduction of interaction terms revealed interesting results. The effect of exacerbations varies across inhaler devices and the probability of being a compliant patient with Accuhaler ® who suffered an exacerbation is lower compared to the rest of DPI users. However, as asthma gets worse, Accuhaler ® devices have a small but positive effect toward compliance compared to the pMDI. Estimates of the other DPIs were not statistically significant. In the case of healthcare utilization, the patient's probability of medication compliance would be lower for those who visited their GP 
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inhaler devices and other factors involved in medication compliance more than 3 times and were treated with Formoterol/Budesonide combination compared to patients taking the other ICS/ LABA combinations, although the common effect of visiting their GP was observed to be a positive association with compliance (see previous paragraph). The effect of GP visits toward compliance was greater for retired patients compared to working-age patients and retired ones who did not visit the GP during the study period. The negative effect of cost through age affected mostly younger patients and became not statistically significant for older age groups. Robustness check confirmed our results, which implied that inhaler technique associated with DPIs would decrease the probability of patients to adhere to asthma medication (P,0.001).
Discussion
Our study shows that the inhaler technique associated with inhaler devices can affect compliance of asthmatic patients. In fact, findings are consistent with previous literature that shows patient's compliance as a real and latent problem within chronic conditions. 12 In our case, we explored the problem of compliance toward asthma medication while controlling for potential confounders. We controlled for the effect of active substance toward the probability to stick to the treatment, 24 so we could obtain the potential effect of the inhaler device. Interestingly, findings suggest that ICS/ LABA combinations would not impact on the probability of being adherent, which is reasonable since medicines are 100% effective but the inhalation technique is the key for better clinical outcomes. [1] [2] [3] 7 Along with inhaler technique, different confounders of patient's compliance were explored. Univariate results determined that only a few variables were associated with medication compliance. The proxy for inhaler technique was statistically significant; in contrast, patients' characteristics, comorbidities, and health outcomes that were significant in the univariate analysis became nonstatistically significant in the basic multivariate specification. However, in our last specification we identified confounders of compliance from the interaction between variables. This indicates that a basic analysis was not enough to identify factors affecting compliance outcomes, and as it has been reported, adherence and compliance are a more complex topic. 25 According to our results, having more than three conditions simultaneously would impact negatively on the likelihood of medication compliance. Suffering from a disease is a burden for patients, and it is reported that there is a substantial burden on patients having more than three simultaneous conditions, which starts to affect their compliance to asthma treatment (as we have observed in our results), and may require more complex health management strategies. 26, 27 Remarkably, unhealthy behaviors of patients were not statistically significant in compliance. However, we identified a scope for improvement since we detected that 22% of the sample were smokers despite their asthmatic condition.
Despite the positive effect of GP consultation for compliance, a high number of visits per month to health care professionals was negatively correlated with it. Indeed, greater number of visits was associated with worse compliance outcomes, which is consistent with previous literature that reported reductions in health care utilization due to good compliance with asthma treatment. 28 Further, the effect of visits for retired patients is positive for compliance compared to active patients and retired patients who did not visit their GP during the time they were persistent with their medication. This is consistent with previous findings that suggest for elderly, GP consultation should be encouraged in order to maintain patient's compliance to medication in the long term. 29 Accordingly with our results, younger age groups were more likely to be compliant patients. 19 However, this effect might be offset due to the effect of costs toward compliance. Our results for the interaction between age and cost suggest pharmacological cost for younger groups would decrease the probability of being compliant. It may be that the effect of bearing some part of the pharmaceutical cost for patients whose salary was not very high represented an economic burden that influences compliance to a treatment. In contrast, cost for older groups was not statistically significant; this is reasonable since elderly Spanish patients have access to pharmaceutical treatment without co-payments. 30 There are limitations to these estimates besides the fact that this is a retrospective study, which is vulnerable to bias. First, this study was conducted in a single health system, thus results may not be extrapolated to other populations. However, trends are similar to previous research. 22, 23, 25 Second, the assumption that obtaining a prescription was equivalent to taking the medication might not be completely accurate. Moreover, the study approach to quantify compliance was done by using the MPR, which has been reported to be biased upwards.
9,14 Nevertheless, we tried to correct for this by elevating the cut-off point so fewer patients were seen as compliant with their medication. Robustness test of estimates confirmed our findings. Actually, our estimates could be considered accurate, since we used persistence to asthma treatment data. It is also true that tracking compliance patterns may imply having data across time; however, this could be only possible by assessing compliance prospectively.
It is worth mentioning that physicians have been aware that the majority of patients cannot use their prescribed pMDI correctly; 31 and DPIs included in this study were seen as an effective alternative to solve problems related to inhaler technique. However, our results suggest that there is still a crucial barrier to avoid the loss of pharmacological efficacy due to the inhaler technique associated with DPIs included in this analysis, which determines compliance of long-term medication in asthmatic patients. Finally, we could not obtain some patients' characteristics such as race, level of education, type of job, and some clinical confounders such as lung function. This problem of data limitation also restricts our outcomes.
Conclusion
The effect of inhaler technique associated with DPIs included in this anaylsis (Accuhaler ® , nexThaler ® , and Turubhlaer) was negative towards compliance for long-term asthma medication. In contrast, the active substance was not significant in exploring compliance patterns. Furthermore, we identified some other confounders of patient's compliance such as severity of asthma, comorbidities, cost, age, and health care utilization. Associations between exacerbations and patient's compliance have shown to be divergent across inhaler devices.
Treatment noncompliance is a real and damaging problem for patients and for the Spanish National Healthcare System. The quantification of compliance and persistence is always an issue in current literature, which can limit results; identification of potential factors affecting compliance is necessary in order to guide actions to attenuate the problem of poor compliance in asthma patients. This study assessing treatment compliance across asthma inhaler devices for ICS/LABA combinations confirms that inhaler devices play an important role in asthma management by conditioning compliance, which is consistent with prior research. [1] [2] [3] [4] [5] [6] [7] [8] [9] 17, 23 The special feature of our findings is that we adjusted for the effects of the active substances in order to explore the effect of inhaler technique toward compliance, which has shown to be influenced also by patients' demographic characteristics and clinical aspects. Helping patients to properly use their inhaler devices, has shown to be the key for better compliance outcomes, as we observed that inhaler technique might be diminishing the efficacy of pharmacological treatment.
